candidates for describing neutrino masses [128, 129] . In SO(10) all the known fermions of a given generation including the right handed neutrino are present in a single sixteen dimensional spinorial representation of the group. These theories require running masses and mixings of quarks and charged leptons at GUT scales for calculating neutrino masses. SO(10) GUT has a number of desirable features which helps in describing physics beyond the Standard Model. Non zero neutrino masses, the see-saw scale and a high B-L scale fits naturally in a grand unified model group based on the gauge group SO(10). SO (10) 
which induces vev's for the standard doublets in the Σ multiplet of 126. In above SO (10) model , the neutrino mass matrix is given by the type II seesaw formula, that contains the induced triplet vev which dominates the neutrino mass matrix. From Eq. 2.1 it can be shown
Here parameter "a" contains various Yukawa couplings and the parameter tan β . The chapter is organized as follows. In the Section 2.2 we give formula for type II seesaw mechanism using induced vev. In the Section 2.3 we calculate neutrino oscillation parameters using Eq.
2.5. In the Section 2.4 we give our conclusions.
Type II Seesaw Mechanism
The SO (10) 
where h and f are symmetric matrices . In the type I seesaw mechanism the neutrino mass matrix is given by
where M NR = f υ B−L and υ B−L is the see saw scale . In SO(10) the true seesaw formula has a second term which comes from an induced SU(2) L triplet vev. The type II see saw mechanism has the following form [94]
υ is the SU (2) . ∆ R produces the second term in the type II seesaw formula. The sumrule Eq. 2.5 holds when triplet vev contribution to the neutrino mass matrix dominates in the type II seesaw mechanism.
Calculation of Neutrino Oscillation Parameters
In our calculation of neutrino oscillation parameters,we use the updated values of running quark and lepton masses from Ref. [95] and are given in Table 2 .1. Though we have used tan β = 55, in this work, same calculations can be done for other values of tan β = 10 as well. Then using Eq. 2.5 we calculate neutrino oscillation parameters, which are presented in Fig. 2.1. In Fig. 2 .1 in the first figure we have shown our results for sin 2 θ 23 and ∆m 2 23 . In the second figure we have shown the results for sin 2 θ 12 and ∆m 2 12 and in the third figure the 
Conclusion
Running values of quark and lepton masses at higher scales in Grand Unified Theories are very important, for building models of fermion masses, and to calculate neutrino masses and mixings. To conclude, in this chapter we have calculated neutrino oscillation parameters in minimal SO(10) theory, using updated values of running quark and lepton masses. We find that these values agree with latest global fit values as given in Ref. [15] [16] [17] [18] [19] [20] of these parameters. We would like to do Renormalisation Group Evolution study of the neutrino oscillation parameter in our future work.
